Although heterogeneous nuclear RNA (hnRNA) has been localized to the core filament substructure of the nuclear matrix, its precise location in the ifiament network has been unknown. The fA12 monoclonal antibody can localize, at high resolution, hn ribonucleoproteins (hnRNPs) and, presumably, hnRNA. Gold bead immunolabeling of resinless electron microscopy sections showed the fA12 antigens were in the fibrogranular material enmeshed in the filament network and not in the filaments themselves. At mitosis, hnRNP antigens became dispersed into a halo surrounding the chromosomes and spindle poles. Immunogold staining showed fA12 stained fibrogranular material associated with perichromosomal and pericentriolar filaments distinct from the mitotic spindle fibers. fA12 also labeled the midbody remaining after cytokinesis.
MATERIALS AND METHODS
Materials. The fAl2 antibody, which has been described, reacts with a group of33-to 40-kDa hnRNP core polypeptides (43) . Rabbit anti-tubulin polyclonal antibody was from ICN (no. R885). Fluorescein-conjugated goat anti-mouse IgG (no. 611-318) and rhodamine-conjugated goat anti-rabbit IgG were from Cappel Laboratories. Gold bead (10 nm) conjugated goat anti-mouse IgG and IgM were from Janssen Life Sciences (Piscataway, NJ; no. 23,675,07). Mylar polyester film for cell growth was from DuPont. Diethylene glycol distearate (DGD) was from Polysciences (no. 1873).
Cell Culture. HeLa cells (CCL2), Caski cells (CRL 1550),
and MCF-7 cells were grown in Dulbecco's modified Eagle's medium with 10o fetal bovine serum. For immunofluorescence staining of mitotic cells, Caski cells were grown in eight-well slides (Lab-Tek no. 4808). The cells were partially synchronized by blocking with 3 mM thymidine for 26 h, released from the block, and stained when the mitotic index was near maximum. Caski and MCF-7 cells were grown on Mylar film for immunoelectron microscopy. Mitotic HeLa CCL2 cells were collected by shaking culture flasks 12 h after release from a 24-h thymidine block.
Cell Extraction. Previous publications have described the in situ sequential extraction extensively (14, 37, 39) . Briefly, the initial extraction of cells with Triton X-100 in CSK buffer (0.1 M NaCl/3 mM MgCl2/10 mM Pipes, pH 6.8/1 mM EGTA/0.3 M sucrose) dissolves most phospholipids, releasing soluble proteins and leaving the cytoskeleton and nucleus. This is the preparation used for examining mitotic cells. Further extraction with a mixture ofTween 40 Mitotic cells were extracted only with Triton X-100 in CSK buffer, since the compaction of chromatin into chromosomes obviates the need for DNA extraction. To preserve the spindle microtubules, taxol was added to the mitotic cell culture medium 5 min before extraction. Taxol was also present in the initial washing buffer and during the extraction with Triton X-100.
Immunofluorescence. After extraction, cells on glass slides were fixed for 30 min with fresh paraformaldehyde (3.7%) and then washed twice with phosphate-buffered saline. For blocking, the cells were incubated with 5% normal goat serum for 50 min at 370C. The cells were then incubated with the appropriate antibody for 30 min at 370C and then, under the same conditions, with the fluorescence-conjugated second antibody. The cells were mounted with Aqua-mount (Lerner Laboratories) and observed for double immunofluorescence.
Immunogold Labeling for Electon Microscopy. Caski cells were grown on a Mylar film and extracted sequentially to produce the core filaments. Further processing and embedment in DGD for resinless section was carried out on the Mylar film as described (44) . The Mylar substrate is easily peeled from the DGD block, which is then cut in an ultramicrotome. MCF-7 cells do not remain attached to Mylar during extraction so they were scraped and processed as suspension cells.
Mitotic cells were harvested by shaking a synchronized culture and centrifuging the free cells into a pellet. The cells were resuspended in CSK buffer with Triton X-100 for extraction and redeposited by centrifugation. Fixation was by resuspension in CSK buffer to which 3.7% paraformaldehyde was added and immediate recentrifugation into a thin layer in a round-bottom centrifuge tube. Fixation continued for 30 min. Fragments cut from the layer were used for immunostaining.
Previous reports have described in detail the modified immunogold staining procedure for resinless sections (44) . Conventional immunostaining was modified to retain the gold beads during the step of temporary embedding in DGD. Briefly, the fixed cells were incubated first with 5% normal goat serum (NGS) for 10 min to block nonspecific reactions and then with fA12 antibody for 1 h. After washing, the cells were incubated again in NGS for 10 min and then with gold bead-conjugated goat anti-mouse antibody. Incubation once more in NGS affixed a protein coat to the gold beads. A second fixation with 1.5% glutaraldehyde in cacodylate buffer for 30 min and postfixation in 1% OS04 in the same buffer for 5 min stabilized gold beads through subsequent processing.
The nuclear matrix-containing preparation was then extracted with 2 M NaCl to reveal the core filaments. The core filament preparation was then stained with fA12 antibody and fluorescein-conjugated anti-mouse antibody. (c) Resinless section electron micrograph of gold bead-immunostained core filaments from Caski cells. Cells were grown on Mylar, extracted as described for a, further extracted with high salt as described for b, and stained with fA12 antibody and gold bead-conjugated anti-mouse second antibody. Cells were then treated with preimmune goat antiserum to coat the gold beads with protein and fixed with glutaraldehyde. The sample was then embedded in DGD and ultrathin sections were cut. The sections were dewaxed with n-butyl alcohol, dehydrated in (43, 45) .
Localizing the fAl2 antigens to the core filaments entails first removing chromatin by DNase I digestion and elution with 0.25 M ammonium sulfate (14, (37) (38) (39) . NaCl (2 M) extraction then removes the outer NM proteins leaving only the core filaments in the nuclear interior (42) . Fig. lb shows that the fAl2 staining of the core filaments is similar in intensity and pattern to the intact nuclei in Fig. la . The fA12 antigens do not extract with the bulk of NM proteins but remain with the core filaments. Fig. 1c shows the immunolocalization offA12 at the electron microscope level within the core filament fraction. Core filaments, prepared from cultured cells, were labeled with the fAl2 monoclonal antibody and gold bead-conjugated second antibody (44) . Ultrathin, embedment-free sections were prepared as described and viewed by transmission electron microscopy (44) . Fig. lc (47) . Fig. 2 shows the immunofluorescence of fA12 hnRNP antigens as synchronized Caski cells progress through the stages of mitosis. The cells were extracted with only Triton X-100 in CSK buffer, which removes membranes and soluble proteins. The cells shown in Fig. 2 were stained with the fA12 monoclonal antibody and fluorescein-conjugated anti-mouse IgG antibody. The pattern of fA12 staining was compared to that of mitotic spindle microtubules. The microtubules were stabilized with taxol and labeled with rabbit anti-tubulin antibody and rhodamine-conjugated goat anti-rabbit IgG antibody. The tubulin pattern indicates the stage of mitosis. Clearly, the fA12 antibody stains structures that are distinct from the mitotic spindle. Fig. 2 a and b compares interphase immunofluorescence staining offA2 and ofmicrotubules in Caski cells. As before, the interphase fA12 pattern (Fig. 2a) is nearly homogeneous throughout the nucleus except for the dark, unstained nucleoli. The microtubules (Fig. 2b) show a typical interphase pattern.
The cells in Fig. 2 c and d are entering prophase, as evidenced by microtubules assembling at the nascent spindle poles. The dark nucleoli have almost disappeared in Fig. 2c and some fA12 antigen has appeared in bright spots in the Cell Biology: He et al.
Proc. Natl. Acad. Sci. USA 88 (1991) cytoplasmic space. The cytoplasmic labeling is due to a transient association with undetermined cytoskeleton components (Fig. 2c) . Fig. 2 Fig. 2f shows the spindle well developed and distinct from the fA12 staining pattern. As the poles separated (Fig. 2 g and h) , the fA12 fluorescent halos divided and then, at telophase, condensed into the reforming nuclei. Bright staining of the postcytokinesis connection between the daughter cells ( Fig.   2 j and k) Fig. 3a shows a section through the entire mitotic spindle. The high-magnification image in Fig. 3b shows in much greater detail the spindle pole with its centriole and surrounding filaments. The fA12 antibody decorated fibrogranular material on filaments surround-F _ _ F ing the pole but not the centriole itself. Fig. 3c shows the fA12 o _ gt 4W
labeling of the perichromosomal region corresponding to the perichromosomal halos in Fig. 2 Fig. 3 , resembles that in the high salt extracted interphase nuclei (Fig. 1) . This result suggests that the fibrogranular morphology is relatively unchanged by the high salt extraction.
The labeling at mitosis also shows one aspect of the NM disassembly-assembly necessary for cell division. The immunofluorescence micrographs in Fig. 2 There is far more information in the genome than simply sequences encoding proteins. Much, and probably most, of this "noncoding" DNA is transcribed into hnRNA with yet unknown functions. One possible role for this hnRNA is as an element of a complex nuclear structure. The methods described here afford clear images ofnuclear architecture and detailed information on the location of hnRNA within the nuclear structure.
